UNCLASSIFIED 


_ AD  NUMBER _ 

AD477377 

LIMITATION  CHANGES 
TO: 

Approved  for  public  release;  distribution  is 
unlimited.  Document  partially  illegible. 


FROM: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
and  their  contractors ; 

Administrative/Operational  Use;  07  FEB  1966. 
Other  requests  shall  be  referred  to  Air  Force 
Aeronautical  Systems  Division ,  Wright -Patterson 
AFB,  OH  45433. 


_ AUTHORITY 

asd  usae  ltr  2  dec  1971 


THIS  PAGE  IS  UNCLASSIFIED 


REPORT  NO. : __IflUlS55rl-l 


DATED: , 


2-7-66 


LOCKHEED-GEORGIA  COMPANY 

A  DIVISION  OF  LOCKHEED  AIRCRAFT  CCRPORATIOK 


MAM  I  ITT  A 


QIOMCtA 


TITLE 


HT7IH07TKEHTAL  NOISE,  V.tBBJCIOflr, 
-AND  SONIC  FATIGUE  PHOGEAM  REPORT 


SUBMITTED  UNDER 


MODEL _ 


PREPARED 


CHECKED  BY 


REFERENCE . 


'  mmSTmZJSS 7  n  tSTtSSj,  ■  *  T  »■!  tT  f T  in  1 


APPROVED  BV^ 
APPROVED  BY 


DISAPPROVED  BY 


APPROVED  BY. 


L.  A.  Tolv 


V.  T.  Shuler 


ALL  INFORMATION  CONTAINED  IN  OH  DISCLOSED  MV  THIS  DOCUMENT  IS  CONSIDERED  CONFIDENTIAL  AND  PROPRIETARY  IT  LOCK* 
HEED.  EXCCPT  POR  RIGHTS  EXPRESSLY  GRANTED  TO  THE  UNITED  STATES  GOVERNMENT,  ALL  DESIGN,  MANUFACTURE.  USB 
REPRODUCTION,  AND  SALES  RIGHTS  ARE  RESERVED  RV  LOCKHEED-GtORGIA  COMPANY  (A  DIVISION  OP  LOCKHEED  AIRCRAFT 
CORPORATION).  MARIETTA.  GEORGIA.  _  _ 


>  FOAM  401-4 


PM?  ARID 

B*A.Rathbun 

- rrn - 

2-7-66 

LOCKHEKD- GBOROIA  COMRAMV 
a  division  or  loeucio  Ame*-rr  cmitoration 

m 

13 1 

CHBCKXO 

J.R. Carroll 

2-7-66 

TITU 

HT7IR0NMESJTAL  NOISE,  VIEATION 

AND  SONIC  FATIGUE  PROCHAN  REPORT 

noc«l  o-5A 

2-7-66 

oiWSSr1-1 

SOMMABT 

This  report  outlines  the  program  proposed  for  meeting  the  noise  and 
vibration  requirements  for  the  C-5A  aircraft.  Included  are  the 
analytical  and  test  programs  for  noise  prediction,  environmental  . 
vibration,  sonic  fatigue,  and  soundproofing*  It  is  concluded  that 
this  overall  program  is  adequate  to  define  the  problem  areas  end' 
provide  analyses  and  teats  to  substantiate  the  aircraft  for  meeting 
the  noise  and  vibration  requirements  of  MIIr-A-8870,  IHL-A-8806,  and 
the  detailed  requirements  outlined  in  CP40002-1A,  CP40002-2A,  and 
SS40001A. 
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2.o  introduction 

The  C-5A  Sound  and  Vibration  Program  will  derive  design  and  test  require¬ 
ments  to  ensure  that  the  aircraft  structure  and  equipment  are  free  from 
premature  sonic  fatigue  and  vibratory  induced  damage  end  to  optimise 
vibration  and  noise  environmental  obtaining  the  required  personnel  com¬ 
fort  and  equipment  operating  levels.  Program  goals  will  be  achieved 
through  four  inter-related  activities,  which  are t 

a.  Noise  prediction  and  general  ac caatioa 

b.  Ehvironaental  vibration 
o.  Sonic  Fatigue 

d.  Soundproofing 

Of  fundamental  importance  to  the  evolution  of  vibration  qualification 
levels,  sonic  fatigue  oriteria  and  sorndproofing  configurations  is  sn 
accurate  definition  of  the  aooustlo  environment.  Therefore,  predicted 
noise  levels,  derived  previously,  will  be  refined  with  data  obtained 
from  analytical  studies,  aooustlo  model  testa,  and  General  ELeotrio- 
Lockheed  engine  test  stand  programs.  These  data  will  be  integrated  into 
the  environmental  vibration,  sonic  fatigue  and  soundproofing  activities. 

In  addition,  noise  safety  problems  in  the  vioinity  of  the  aircraft  during 
ground  operation  and  community  noise  levels  during  takeoffs  and  landings 
will  be  evaluated. 

Qavironnental  vibration  levels  have  been  predicted  for  the  C-5A  aircraft 
and  equipment  qualification  requirements  are  established.  These  will  be 
used  for  equipment  design  and  teat  criteria  during  the  development  phase. 

In  parallel,  the  vibration  prediction  techniques  and  environmental  levels 
will  be  refined  in  conjunction  with  the  aooustlo  and  engine  test  stand 
programs.  Adequate  operation  and  design  life  of  vibration  sensitive  equip¬ 
ment  will  be  ensured  by  devising  isolation  systems  or  by  defining  mounting 
configurations  vhioh  minimize  response. 

Premature  structural  damage  due  to  excitation  from  all  noise  sources  is 
the  prime  consideration  of  the  sonic  fatigue  program.  Analytioal  and  test 
programs,  which  will  define  the  effeot  of  noise  on  the  fatigue  life  of  a 


GA  rOKM-MIM 


PREP  AMD 

E.A.R&thbun 

2-7-66 

LOCKHEED- GEORGIA  COMPANY 

A  DIVISION  or  LOCKHEED  MRCDATr  CORPMATICN 

PROS 

~nar~ 

-mr 

2.2 

CHECKED 

J,P. Carroll 

2-7-66 

TITLE 

HTVIRONMHfPAL  FOISE,  VIBRATION 

MODEL 

C-5A 

APPROVED 

J.S. Gibson 

2-7-66 

AND  SONIC  FATIGUE  PROGRAM  REPORT 

LG1U355-1 

RtfPORT  ifa 

-1 

2.0  INTRODUCTION  (COHTcP) 

wide  range  of  conventional,  honeycomb,  and  laminated  structures,  will  be 
performed  to  develop  configurations  for  a  wide  speotrum  of  applications. 
Laboratory  proof  tests  will  verify  the  design  life  of  basic  wing,  empennage 
and  fuselage  components  and  an  aooelerated  life  test  of  the  nacelle,  pylon, 
and  a  large  wing  segment,  (with  all  basio  components)  will  be  performed  on 
the  Lockheed  engine  endurance  test  stand  and  in  the  R TD  sonic  fatigue  test 
facility. 

Stringent  requirements  for  aircraft  interior  noise  levels  have  led  to 
the  initiation  of  a  comprehensive  program  of  selecting  soundproofing 
which  will  be  satisfactory  and  be  the  lightest  weight  possible.  This 
will  require  utilization  of  transmission  Iobs  data  from  0141,  C-150, 

JetS tar,  and  other  aircraft  in  conjunction  with  developmental  testa 
of  numerous  specif ic  soundproofing  configurations.  The  resulting  data 
will  be  combined  with  an  analytical  program,  which  will  calculate  the 
parameters  necessary  to  define  the  optimum  installation.  A  continual 
updating  of  the  derived  configurations  will  be  accomplished  with  inputs 
from  the  acoustic  prediction  program  and  latest  noise  transmission  loss 
t?st  data. 

The  criteria  developed  during  this  program  will  be  applied  to  the  design 
of  C-5A  structural  and  equipment  oomponents  to  produce  an  operational 
aircraft  which  has  satisfactory  acoustic,  vibration  and  sonic  fatigue 
characteristics.  A  flight  test  program  will  be  performed  to  demonstrate 
these  qualities.  Strain,  vibration,  and  noise  data  will  be  measured  at 
all  significant  points  in  the  ground  and  air  operating  envelopes. 
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3.0  NOISE  PREDICTION  AND  GENERAL  AC0P5TIC8 

3.1  GENERAL 

The  objectives  of  this  program  are  to  predict  and  measure  the  noise 
environment  of  the  airplane  in  order  that  sonic  fatigue,  vibration  and 
soundproofing  requirements  can  be  accurately  evaluated.  The  schedule 
of  activities  is  shown  cn  Pages  3*3  sad  3.4* 

3.2  ANALYTICAL  NOISE  PREDICTION 

Luring  the  early  design  phase,  propulsion  system  noise  and  aerodynamic 
noise  will  be  determined  analytically.  Recently  obtained  C-141  inflight 
exterior  noise  data  will  be  incorporated  into  the  C-5A  predictions.  The 
noise  predictions  will  be  updated  as  more  measured  data  becomes  available 
from  test  programs  described  in  applicable  sections  to  follow. 

3.3  ACOUSTIC  MODEL  TEST 

The  acoustic  seals  model  is  one  of  the  most  accurate  methods  of  predict¬ 
ing  the  propulsion  system  acoustic  environment,  particularly  when  no  full 
scale  engine  data  is  available.  Daring  the  conceptual  phase  and  ED? 
phase,  acoustic  models  have  been  utilized  to  map  jet  noise  on  the  aircraft 
structure.  The  model  aircraft  are  1/16  scale  with  model  engines  operat¬ 
ing  at  the  correct  pressures,  temperatures,  and  flow  rates.  The  model 
will  be  updated  for  further  tests  to  give  a  more  accurate  evaluation  of 
the  exhaust  noise  field  over  the  aircraft. 

Tests  will  consist  of  measuring  noise  levels  at  100  locations  an  the 
fuselage  and  empennage,  and  100  locations  an  the  wing,  flaps,  aileron, 
and  pylons  by  means  of  1/4  inch  diameter  flushmounted  microphones.  The 
data  will  be  taken  on  a  14  channel  Fit  magnetic  tape  recorder.  The  raw 
data  will  be  automatically  analyzed  In  octave  band  form,  digitized,  and 
plotted  as  oontours  of  equal  noise  intensity  over  the  aircraft  surface 
by  an  IBM  7094  computer-plotter  program. 

3.4  G.E.  ENGINE  TESTS 

Noise  measurements  will  be  taken  at  G.E.'s  engine  test  stand  for  the 
TF  39  demonstrator  (2/3  scale)  and  full  scale  Tt  39  engines.  .  The  measure¬ 
ments  will  be  taken  at  simulated  wing,  pylon,  and  fuselage  locations.  The 
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3.4  G»E.  ENGINE  TESTS  (CCHT'D) 

tests  vri.ll  be  monitored  by  Lockheed  personnel  end  the  data  will  be 
Incorporated  in  the  aircraft  noise  environment  prediction*. 

3.5  GELAC  ENDURANCE  TEST  STAND 

Noise  measurements  on  the  nacelle,  pylon,  and  wing  surface*  yill  be 
taken  on  the  endurance  test  stand  to  further  define  the  engine  noise 
environment  and  provide  correlation  with  vibration  and  strain  measure¬ 
ments.  Program  details  are  contained  in  Section  7*1* 

3.6  GELAC  IEBFQHMANCE  TEST  STAND  NOISE  TESTS 

Near-field  sound  measurements  will  be  obtained  on  a  50*  radius  forward 
of  the  engine  inlet  at  8  locations.  This  will  be  accomplished  with 
bellmouth  and  with  airframe  nacelle  inlet  to  evaluate  the  acoustical 
attenuation  of  the  airframe-supplied  inlet.  Measurements  will  be  re¬ 
peated  to  determine  any  differences  in  noise  output  of  the  X, .  T,  and 
TF  versions  of  the  engine. 

3.7  FLIGHT  TEST  PROGRAM 

The  acoustical  environmental  predictions  will  be  substantiated  during 
the  ground  and  flight  test  program  using  aircraft  7004.  Section  7*2.2 
describes  the  test  conditions  and  instrumentation. 

3.8  AUXILIARY  PCfl/ER  UNIT  NOISE  PROGRAM 

A  design  study  will  be  performed  for  the  AHT  installation,  which  must 
not  exceed  an  overall  sound  pressure  level  of  100  db  at  a  distance  of 
20  ft.  Methods  of  exhaust  and  intake  silencing  will  be  analytically 
evaluated.  A  noise  survey  to  substantiate  the  design  will  be  performed 
on  the  Environmental  Subsystem  Simulator  and  compliance  will  be  demon¬ 
strated  with  an  aircraft  noise  survey. 
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4.0 

4.1  GENERAL 

axvironmental  vibtation  level*  hare  been  predicted  for  the  0-5A  air¬ 
craft  and  equipment  qualification  requirement#  are  established.  A 
continuing  effort  to  update  the  prediction  techniques  and  iaprore  the 
environmental  definition  will  inolude  engine  test  stand  and  flight  test 
program  results.  Adequate  operation  and  design  life  of  vibration  sensi¬ 
tive  equipment  will  be  ensured  by  defining  isolation  iqrstems,  where 
necessary.  A  flight  vibration  survey  of  structural,  crew  and  equip¬ 
ment  areas  will  be  performed  to  demonstrate  oomplianoe  with  HIL-A-8870 
(ASG).  A  schedule  of  activities  is  shown  on  Pages  4*4  and  4*5. 

A  A  ANALYSIS 

4.2.1  Nolao  Induced  Vibration 

The  most  wide  spread  source  of  structural  and  equipment  vibration  in 
this  aircraft  is  the  acoustic  field,  which  engulfs  the  entire  outer 
surface.  Structural  response  is  primarily  random  in  nature  and  its 
characteristics  depend  on  the  loo&l  structural  configuration.  The 
amplitude  end  frequency  characteristics  can  be  predicted  with  an  ex¬ 
perimentally  derived  empirioal  relationship  between  noise  levels  and 
structural  response.  Analysis  of  this  relationship  will  be  performed 
and  values  updated,  if  neoessary,  based  on  state  of  the  art  changes 
and  test  fata.  Revised  noise  levels  will  be  used  to  update  the  pre¬ 
dicted  vibration  levels,  as  neoessary. 

4.2.2  Meohanioally  Induoed  Vibration 

Vibration  at  disorete  frequencies  is  produoed  by  engines,  APU,  praps, 
and  fans  and  thus  is  oonfined  to  looal  areas.  Analysis  of  test  oell  c? 
other  operating  data  from  these  components  will  be  .used  to  update  pre¬ 
dicted  vibration  levels.  Qualification  and  design  requirements  will  be 
revised,  if ^necessary. 
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4.5  DESICar  SUPPORT 

4,3.1  Isolation  Systems  and  Configuration  Studl 
Ere  dieted  vibration  levels  will  be  evaluated  in  ocnjuneticc  with 
equipment  design  and  qualification  criteria  to  determine  those 
components  requiring  isolation  systems  for  protection.  In  addition, 
strong  rotating  (or  alternating)  vibratory  sources,  such  as  the  AJff, 
will  be  considered  for  isolation  to  protect  adjacent  mounting  struc¬ 
ture  and  equipment.  Analytical  studies  and,  if  necessary,  test 
programs  will  be  performed  to  define  the  necessary  isolation  systems 
or,  if  subcontracted,  the  vendor  program  will  be  monitored  and  tech¬ 
nics?.  assistance  rendered  where  necessary. 


Gelac  and  vendor  design  groups  will  be  assisted  in  defining  stiffness 
and  mass  parameters  for  non- isolated  Items  which  are  inherently/ 
affected  by  vibration  such  as  probes  and  antennas.  Configurations 
will  be  devised  to  satisfy  design  life  requirements  without  undue 
penalties  in  weight  and  slse. 

4.3.2  Equipment  Qualification  Program 

Vibration  qualification  criteria  are  established  and  will  be  applied 
to  the  design  and  test  requirements  for  equipment  developed  for  C-5A 
aircraft.  Vendor  proposals  to  implement  this  criteria  will  be  eval¬ 
uated  end  surveillance  of  the  qualification  test  prog  cams  will  be 
maintained,  where  necessaryi  in  order  that  deficiencies  can  be  oarreoted 
promptly.  Final  test  reports  will  be  reviewed  for  compliance. 

4.4  CRITERIA  TESTING 
4.4*1  Engine  Test  Stands 

The  vibration  qualification  and  design  criteria  are  derived  from  the 
empirical  relationship  between  ambient  noise  levels  and  random  struc¬ 
tural  vibration  in  conjunction  with  continuous  vibration  produced  by 
strong  local  sources  such  as  the  power  plants.  A  program  of  vibration 
and  noise  measurements  will  be  performed  during  the  poverplaat  test 
stands  and  flight  test  program  to  improve  the  existing  predictions. 
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4.4.1  Etagine  Teat  Stands  (CcntM) 

These  programs  are  outlined  as  follovat 

(a)  Endurance  Test  Stand  -  Accelerometers  will  he  remit  ed 
on  the  engine,  accessories,  nacelle,  pylon,  and  adjacent 
wing  sections.  Vibration  data  will  be  obtained  through¬ 
out  the  available  operating  envelope  as  described  in 
Section  7»1» 

(b)  Performance  Test  Stand  -  The  performance  stand  will 
operate  with  the  X,  T,  and  production  engine  configura¬ 
tions  over  an  extended  period.  Vibration  pickups  will 
be  located  at  selected  engine  locations  and  will  be 
monitored  as  necessary  throughout  the  program.  Accept¬ 
able  vibration  levels  for  the  engine  installation  will 
be  determined  statistically  from  the  data  obtained. 

4.5  FLIGHT  TEbT'PROGHAK  1  ~  1 

In  order  th  ‘  demonstrate  compliance  with  HH/-A-887O  (ASG)  a  flight 
program  will  be  performed  which  will  define  the  vibratory  environment 
of  the  aircraft  at  all  significant  operating  conditions.  In  general, 
vibration  levels  will  be  measured  throughout  the  primary  structure  of 
the-  fuselage,  wings,  empennage,  pods,  nacelles,  pylons,  and  in  equip¬ 
ment  and  crew  areas.  Vibration  measurements  will  be  obtained  at  all 
significant  ground  and  flight  operating  conditions.  Test  program 
details  axe  described  in  Section  7*2. p. 
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5.0  some  ymem 

5.1  GENERAL 

In  the  past  few  yean  aircraft  designers  hare  had  to  oope  vith  a 
relatively  new  fatigue  phenomena,  sonic  fatigue.  This  damage  to 
vehiole  struoture  is  oaused  by  the  resultant  of  xnmercuK  noise 
souroes,  nuoh  as,  propulsion  system  exhaust  noise,  pseudo-noise 
in  turbulent  end  separated  air  flow,  and  that  resulting  from 
operation  of  'ttquipment  items.  This  atruotural  fatigue  or  damage 
is  oomnon  in  lightweight  structure  and  oah  jeopardize  the  integrity 
of  primary  load  carrying  atruotural  members  if  not  aooounted  for 
during  the  design  effort. 

This  section  is  intended  to  outline  the  methods  and  tests,  tram 
preliminary  analytical  work  through  strain  measurements  on  a  full- 
scale  vehicle,  for  prevention  of  sonio  fatigue  damage  to  the  aircraft 
structure,  as  required  in  MIL-A-8870  and  as  outlined  in  AS®  TN  61-141. 
The  flow  diagram  on  Page  5*6  depiots  the  overall  program  for  aonio 
fatigue  prevention  to  be  followed  in  the  C-5A  development.  The  schedule 
of  activities  Is  shown  on  Pages  5.6  and  5.9. 

5.2  DESIGN  C2TMA 

Sonio  fatigue  analyses  and  teats  ore  to  be  based  on  a  required  servioe 
life  of  30,000  hours  with  12,000  takeoffs  and  landings. 

The  eff eot  of  combined  environments  will  also  be  aeoounted  for  as 
neoeaaary  since  in  some  instances,  these  analyses  are  not  only  de¬ 
pendent  on  the  aooustio  environment,  but  a  combination  of  sound 
pressure  levels,  low  frequency  vibration,  elevated  temperatures,  and 
pressure  cycling.  If  any  one  or  more  of  these  environmental  conditions 
is  not  oonsidered  during  design  in  combination  with  the  aooustio  en¬ 
vironment,  the  resulting  loads  oould  result  in  premature  damage  in 
servioe. 

5.5  ANALYTICAL  PROGRAM 

The  starting  point  for  all  analytical  work  in  designing  the  C-5A 
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5.3  AHAHTIGIL  PBOGBAM  (COIK'B) 

structure  for  resistance  to  sonic  fatigue  damage  is,  of  oourse, 
dependent  on  tho  psedioted  near  field  acoustio  environment,  as 
shown  In  the  flow  diagram  bn  Page '5*6*  To  date,  these  analyses 
have  been  primarily  based  on  data  from  l/l6  scale  acoustio  model 
test,  programs  which  was  conducted  during  Phase  IB  and  IC  of  the 
C-5A  development  program.  This  work  is  continuing,  as  discussed 
in  Section  J.O. 

Prom  the  near  field  noise  predictions,  the  C-5A  will  be  divided 
into  noise  intensity  zones  with  a  view  toward  relative  Bonio  fatigue 
damage.  In  those  areas  where  the  noise  environment  is  relatively 
severe  (the  nacelles  and  pylons,  and  portions  of  the  wing  trailing 
edge  structure)  end  the  structure  is  very  susoeptable  to  sonlo 
fatigue  damage,  close  attention  will  be  given  to  the  development  of 
structural  configurations  that  will  have  a  satisfaotoa  r  service 
life.  In  those  other  areas  of  the  aircraft  where  the  noise  environ¬ 
ment  is  moderate  to  severe,  details  of  the  structural  configurations 
shall  ha  monitored,  especially  in  light  weight  fairings  and  secondary 
structure,  to  assure  that  good  design  practices  axj  followed  end 
resistance  to  conic  fatigue  damage  is  built-in  each  design. 

As  shown  6n  Page  5*6,  structural  design  for  resistance  to  sonic 
fatigue  damage  and  fatigue  analyses  and  design  studies  are  the  next 
maior  milestones  in  the  analytical  program.  These  efforts  are  based 
on  current  state-of-the-art  methods  of  analysis,  case  studies  of 
similar  operational  aircraft,  and  test  data  available  from  previous 
component  and  full  scale  sonic  fatigue  teste. 


The  results  of  these  fatigue  analyses  will  be  input  to  the  structural 
design  effort  through  a  design  improvement  stage  as  shown  on  Page  5.6 
to  assure  a  satisfactory  sexvioe  life. 
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5.4  LABORATORT  TESTS 

5.4.1  High  Intensity  Sound  System  Teat  a 

Since  sonic  fatigue  analysis  is  not  an  exaot  science  and  aany 
structural  configurations  do  not  lend  themselves  readily  to  analyses, 
laboratory  component  tests  a re  necessary  to  complement  the  analytical 
program.  To  support  the  detailed  design  activities  and  to  satisfy 
the  requirements  of  KU~A-8870  and  ASJ)  TIT  61-141,  a  three  phase  lab¬ 
oratory  sonic  fatigue,  test  program  is  scheduled  to  be  run  in  the 
Lockheed  sonic  fatigue  facility.  This  facility  is  a  modem,  fully 
equipped  test  lab  vith  capabilities  for  random  or  dlsorete  frequency 
testing  using  a  high  intensity  sound  system. 

5-4-1 .1  Development  Tests 

The  first  phase  of  this  program  is  to  test  a  series  of  development 
panelf  to  evaluate  new  materials  and  evaluate  design  concepts  for 
vhioh  no  test  data  is  available  and  which  ore  not  amenable  to  analysis} 
all  of  which  are  to  provide  data  for  mini  imam  weight  structure  which 
has  adequate  sonic  fatigue  resistance.  The  results  of  these  tests 
are  to  be  input  to  the  design  effort  through  a  design  improvement 
cycle  and  at  an  early  date  to  preolude  possible  costly  redesigns  and 
is  to  be  available  prior  to  final  drawing  release  to  manufacturing. 


The  table  an  Page  5,7  is  a  listing  and  description  of  development 
teste  now  in  progress  or  planned  for  this  phase  of  testing.  It 
should  be  noted  that  other  configurations  may  be  required  as  the 
design  develops. 

5*4*1 .2  Production  Tests 

As  the  various  areas  of  structural  design  becomes  more  complete  and 
during  the  early  manufacturing  effort  the  second  phase  of  the  lab¬ 
oratory  sonie  fatigue  program  is  to  be  conducted.  This  consists  of 
tests  to  failure  of  several  panels  of  various  production  configurations. 
The  test  panels  are  to  be  built  to  production  drawings,  tolerances,  and 
specifications  and  inspected  by  production  quality  control  prior  to 
test.  It  is  proposed  to  show,  from  these  tests,  any  defiolonoiea  in  the 
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5.4*1 «2  Production  Tests  (Coat'd) 

production  configurations  and  items  not  uncovered  during  analyses 
and  to  keep  retrofit  to  a  minimum  through  timely  feedback  of  test 
data  through  a  design  Improvement  cycle. 

Structural  configurations  to  be  tested  during  this  phase  of  the 
program  are  as  follows! 

1.  Bapennage 

a)  four  elevator  panels 

b)  four  rudder  panels 

o)  four  horizontal  stabilizer  panels 

d)  four  vertical  stabilizer  panels 

e)  four  fairing  panels 

2.  Fuselage 

a)  four  fuselage  side  nail  panels 

b)  four  MLG  pod  panels 

c)  four  aft  cargo  door  panels 
5*  Wing 

a)  twenty  miscellaneous  panels  to  be 
determined 
5. 4*1*3  Fix  cyole  Teats 

Provision  has  been  made  for  sonic  fatigue  teats  that  are  not  foresee¬ 
able  at  the  present;  therefore,  there  is  a  third  phase  of  the  laboratory 
sonic  fatigue  teat  program.  This  could  include  tests  of  service  repairs 
for  various  configurations,  evaluation  of  any  redesigns  duo  to  service 
damage,  or  evaluation  of  cost  reduction  proposals  through  structural 
redesign. 

5*4*2  General  Seal/ui  Surroort  Testa 

Laboratory  tests  as  necessary  shall  be  conducted  to  support  design 
analyses.  These  may  include  response  teats  of  structural  configurations 
to  measure  strain  and  damping,  response  of  hydraulic  or  fuel  plumbing 
and  its  impact  on  dips  and  brackets ,  and  preliminary  Investigations  of 
materials  and  composite  structures.  These  tests  will  be  scheduled  as 
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5.4*2  General  Desira  Support  Tests  (Cont'd^ 
the  need  arises. 

5.5  HTGUJE  TEST  STAND  ENDURANCE  TESTS 

In  compliance  with  the  requirements  of  KTL-A-8870  and  ASS  TS  61-141* 
a  full  scale  tonic  fatigue  proof  test  of  critically  located  structure 
is  scheduled  for  the  C-5A  engine  test  stand.  It  is  necessary  to  extend 
the  results  of  sonic  fatigue  analyses  and  component  tests  to  full  scale 
hardware  since  structural  edge  conditions!  structural  coupling,  and 
flexibility  of  support  structure  are  difficult  to  account  for  in  analysis 
and  component  tests.  A  two  purt  450  hour  endurance  teBt  is  scheduled;  a 
150  hour  preproduction  test  and  a  300  hour  production  test.  This  program 
is  described  in  Section  7*1* 

5*6  BTD  Sonic  Fatigue  Test 

At  the  conclusion  of  the  300  hour  sonic  fatigue  endurance  test  at  the 
engine  test  stand,  the  production  test  hardware  is  to  be  transferred  to 
Wright  Patterson  Air  Force  Base  and  tested  in  the  RTD  sonic  fatigue  test 
faoility.  The  hardware  will  be  subjected  to  an  accelerated  life  teat  to 
simulate  the  30*000  hour  aircraft  service  life.  This  is  to  be  a  full 
scale  proof  teat  and  the  hardware  and  instrumentation  assemblies  are  to 
be  tested  as  on  the  engine  test  stand  except  that  160  additional  strain 
gages  will  be  installed  on  the  wing  segment.  Combined  environments  of 
sound,  heat,  and  low  frequency  vibration  will  be  studied  during  the 
detailed  planning  for  the  RTD  test  and  will  be  dependent  on  the  results 
of  engine  teat  stand  program.  Any  unusual  combinations  of  temperature 
or  low  frequency  buffet  loads  will  be  simulated  or  accounted  for  in  this 
pregram. 

.5.7  FLIGHT  TEST  PROGRAM 

To  further  substantiate  the  analytical  results  and  component  test  program, 
a  production  aircraft  will  be  instrumented  with  strain  gages  and  data  re¬ 
corded  both  onground  and  inflight.  This  program  shall  provide  documenta¬ 
tion  of  operating  strain  on  all  major  structural  assemblies  where  sonic 
fatigue  failures  could  occur.  Program  details  are  outlined  in  Section 
7.2.4. 
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SONIC  FATIGUE 
.DEVULOH-tENT  TESTS 


Panel  Configuration 

1.  Titanium  Skin-Stringer 


2.  Voided  stainless  steel 
and  titanium  honeycomb 
sandwich  panels 

3.  Honeycomb  sandwich  panel 
with  fiberglaa  face  sheets 

4.  Fiberglaa  bonded-beaded 
panels 


5.  Honeycomb  sandwich  panels 
with  low  density  cc.re 

6.  Large  honeyoomb  eendwioh 
panels 


No.  of 

Speolmeno 

12 


6 

6 


7.  Other 


As 

Neceaaery 


Remarks 

Six  panels  have  titanium  skins 
with  aluminum  stringers  and  six 
have  titanium  skins  and  stringers 
Panels  are  all  welded,  commer¬ 
cially  available  honeyoomb  sand¬ 
wich  for  high  temperature 
application*. 

All  panels  have  fiberglaa  face 
sheets  and  aluminum  core. 

All  panels  have  flat  fiberglaa 
outer  face  sheet  and  beaded 
fibsrglas  inner  face  sheet, 
bonded  together. 

Standard  aluminum  sandwich  panels 
with  2.3  to  2.8  lb/ft^  honeycomb 
oore. 

Standard  aluminum  sandwich  panels 
approximately  40"  x  60"  in  size. 


Teat  par ala  to  be  defined  as  the 
design  progresses;  this  will 
include  more  fiberglaa  evaluation, 
new  methods  of  attaching  sandwich 
panels  to  support  structure,  and 
welded  titanium  and  steel. 
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6.0  oOUNIIRQGPINO 

6.1  GENERAL 

The  lightest  weight  soundproofing  configuration  which  will  be  suffi¬ 
cient  for  obtaining  the  specified  noise  levels  given  on  Page  6,4  will 
be  determined.  The  program  outline  is  shown  by  a  block  diagram  on 
Page  6*5  and  the  work  schedule  is  shown  on  Page  6.7* 

6.2  ANALYTICAL  PROGRAM 

An  existing  computer  program  will  he  updated  for  calculation  of  interior 
noise  levels,  optimum  soundproofing  configuration,  and  maximum  allowable 
internal  noise  sources  in  an  occupied  area.  Noise  levels  will  be  pre¬ 
dicted  far  take-off,  maximum  continuous  power,  and  normal  cruise  condi¬ 
tions,  as  defined  in  KH-A-8806  for  each  of  the  following  areas. 

a.  Flight  station  area 

b.  Crew  rest  area 

o.  Forward  troop  area 

d.  Aft  troop  area 
s.  Cargo  area 

These  areas  are  shown  pictorlally  an  Page  6.6.  Input  data  for  the 
computer  program  will  be  obtained  from  the  following  sources. 

a.  Lata  obtained  from  existing  airplanes 

b.  Fuselage  transmission  loss  tests 

o.  Interior  partition  transmission  loss  teste 

d.  Interior  absorptivity  tests 

e.  Internal  equipment  noise  data 

f.  Predicted  external  noise  levels 

The  optimum  soundproofing  configuration  will  be  determined  by  alterna¬ 
tively  performing  analyses  and  tests. 

6.3  DEVELOPMENT  TESTS 

These  tests  are  necessary  to  develop  more  effective  soundproofing  tech¬ 
niques  and  to  obtain  data  for  the  computer  program.  The  development  test 
program  will  he  divided  into  the  following  categories. 

a.  Fuselage  wall  transmission  loss 

b.  Internal  partition  transmission  loss 
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6.J  DEVELQPMEBT  TESTS  (COHT,Z>) 

c.  Interior  absorptivity 

d.  Internal  equipment  noise 

6.3.1  Fuselage  Vail  Transmission  Loss  Tects 

Panels  which  simulate  four  foot  by  seven  foot  sections  of  the  C -5A 
fuselage  will  be  fabricated  for  these  tests  and  will  be  tested  with 
various  soundproofing  insulation  configurations.  Approximately  the 
following  number  of  transmission  loss  tests  will  be  performed. 

Panels  Number  of  Teste 

Aft  fuselage  -  Cargo:  area,  1  Ea.  20 

Forward  fuselage  -  Cargo'  Area,  1  Ea.  20 ' 

Upper  fuselage  -  Crew  &  Troop  Area,  1  Ea.  20 

6.3.2  Interior  Partition  Transmission  Loss  Tests 

Noise  reduction  capabilities  shall  be  demonstrated  on  panels  which 
simulate  the  internal  partitions  which  separate  areas  of  high  Internal 
noise  equipment  ena  occupied  areas  of  the  aircraft  such  ast 
a.  Environmental  Equipment  area 
h.  Hydraulic  pump  areas 
c.  Avionics  area 

6.3.3  Interior  Absorptivity 

Absorption  measurements  will  be  performed  on  new  acoustical  materials 
and/or  modified  configurations  of  trim  cloth  and  liners.  Absorption 
coefficients  will  be  determined  from  reverberation  time  measurement*! 
with  and  without  the  sample  placed  in  the  reverberation  chamber. 

6.3.4  Internal  Equipment  No,  .d  Teste 
6. 3. 4.1  Air  Conditioning  System 

a.  Air  Conditioning  Ducts  -  Flow  rates,  duct  sizes, 
weight,  and  attenuation  properties  are  to  be 
studied. 

Mufflers  -  Insertion  Iosb  will  be  measured  for  various 
muffler  configurations. 

Air  Conditioning  Plenum  Chamber  -  Attenuation  will  be 
measured  between  intake  end  exhaust  openings. 
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6. 3 .4.2  Miscellaneous  Noiss  Sources 

Boise  measuring  tests  sill  ha  perfornied  to  detemlM  the  oeeiall  sound 
poser  levels  end  spatter.  shapes  of  the  follostag  squlpreat  itens  shioh 
are  potential. noise  sources. 

a.  Blowers 

b,  Recirculating  fans 
o.  Hydraulic  punps 

d.  Turbine  compressors 

e.  Outflow  waives 

f.  Rectifiers 
6.4  FLIGHT  TEST  IfiOGSAM 

To  verify  that  the  interior  noise  levels  do  not  exceed  the  specification 
levels  for  each  area  of  the  airplane,  acoustic  instrumentation  will  he 
installed  in  aircraft  number  7004  and  noise  levels  recorded  as  outlined 

in  Section  7*2»2.4« 
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INTERIOR  NOISE  LEVEL  RB^DIRHfflSTS 


Frequency 
Band.  CPS 


TAKEOFF _ 

Ca  ?‘jo  Comp.  Aft 
Troop,  Fvd.  Troop, 
Crev  Bonk,  Crew 
Rest,  Fit*  Sta. 
Table  II  from 


Cargo  Coop.  Aft* 
Troop,  Fvd.  Troop, 
Crev  Bonk,  Crew 
Rest,  Fit*  Sta. 
Table  I  from 
KIL-A-8806  (ASG) 


Overall 

120  db 

113  db 

37*5  -  75 

118 

111 

75  -  150 

118 

111 

150  -  300 

118 

111 

300  -  600 

112 

105 

600  -  1200 

106 

99 

1200  -  2400 

100 

93 

2400  -  4800 

94 

87 

4800  -  9800 

94 

87 

NORMAL  CRUISE  POWER 

Aft 

Crew  Rest 

Frequency  Cargo 

Troop 

Fvd  Troop 

and  Bonk 

Band,  CPS  Comp 

Flifijit 

Station 


Overall 

106db 

106db  106db 

106db 

lOfadb 

37*5-75 

96 

98 

98 

91 

88 

75-150 

101 

103 

103 

95 

89 

150-300 

105 

100 

100 

95 

89 

300-600 

96 

85 

85 

85 

83 

600-1200 

88 

82 

(Arithmetic 

(Arithmetic 

(Arithmetic 

ave.  of  these 

ave.  of  throe 

ave.  of  these 

1200-2400 

86 

81 

three  bands 

three  bands 

three  bands 

not  to  exceed 

not  to  exceed 

not  to  exoeel 

2400-4800 

82 

81 

758b) 

65db) 

70db) 

4800-9600 

82 

80 

75 

65 

70 

(db  reference  0.0002  Rynes/CW^) 
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7.0  MAJOR  TEST  PROGRAMS 

7.1  ENDURANCE  TEST  STAND  PROGRAM 

7.1.1  Preproduotion  Teats  . 

Since  the  flaps ,  nacelles,  and  pylons  are  exposed  to  the  more  sever* 
acoustic  environments  on  the  airoraft,  it  is  desirable  to  have  test 
data  as  early  as  possible. 

The  hardware  required  for  this  test  is  as  follows: 

1.  preproduction,  flight-weight  nacelle 

2.  preproduaticn  pylon 

5.  Engine 

4.  preproduction  outboard  flap 

3.  preproduction  outboard  vanes 

6,  preproduction  outboard  cove  doors 

7*  preproduction  flap  hinge  system  and  fairings 

8.  preproduction  flap  actuators 

9.  preproduction  vane  and  cove  door  actuators  and  hinge  system 

A  dummy  wing  box  segment  will  be  provided  to  support  the  engine  and  the 
sonic  fatigue  test  hardware.  The  installation  will  simulate  an  outboard 
engine  position  in  the  takeoff  configuration.  The  flap,  vanes,  and  cov* 
doors  will  be  operable.  Magnetic  tape  will  be  utilized  to  record  vibration, 
strain,  and  noise  from  the  following  transducers. 

a.  Sound-level  surveys  on  external  surfaces  of  structure  will 
utilize  30  microphone  locations. 

b.  Internal  fan  duct  noise  surveys  will  utilize  10  microphones « 
o.  Structural  vibratory  strain  surveys  will  require  115  uni-axial 

strain  gages. 

a.  Structural  vibratory  measurements  will  utilize  45  uni-axial 
vibration  accelerometers. 

e.  Structural  temperature  surveys  will  require  90  thermocouples. 

f.  Vibration  measurements  on  the  basic  engine  will  require  8 
vibration  accelerometers  with  an  additional  15  for  engine 
acoc'^ories. 
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7.1.1  Preuroduction  Teats  (Coat'd) 

The  test  will  be  conducted  with  the  engine  at  power  settings  to  almulato 
typical  mission  nrofilas  from  takeoff  through  cruise  and  back  to  ipumMng 
with  thrust  reverse.  Also,  there  will  be  a  total  of  110  thrust  reverse? 
cycles  during  this  test.  The  total  engine  operation  time  during  the  test 
will  correspond  to  approximately  1500  service  hours. 

7*1*2  Production  Testa 

At  the  conclusion  of  the  150  hour  preproduction  sonio  fatigue  endurance 
test  the  test  hardware  will  be  removed  from  the  test  stand  and  replaced 
with  a  production  outboard  wing  segment  and  a  5 00  hour  endurance  test 
will  be  run.  In  addition  to  the  wing  segment,  a  production  side  aft 
cargo  door  is  to  be  tested.  The  test  is  to  ran  concurrently  with  the 
150  hour  production  nacelle  endurance  test  and  the  hardware  is  to  be  In¬ 
stalled  for  the  250  thrust  reverser  cycles  to  be  run  at  the  conclusion  of 
the  150  hour  production  nacelle  endurance  test.  At  the  conclusion  of  the 
above  testing,  an  additional  150  hours  is  to  be  accumulated  for  a  total 
of  500  hours. 


r  t 


The  production  hardware  required  for  this  test  is  as  follows! 

1.  Complete  nacelle 

2.  Complete  pylon 

3.  Engine 

4.  Outboard  flap 

5.  Outboard  Cove  doors 

6.  Outboard  flap  vanes 

7.  Flan  torque  tube  assembly 

8.  Flap  actuator  assembly 
9«  Flap  brake  assembly 

10.  Flap  hinge  system  and  fairings 

11.  Cove  door  actuators  and  hinge  system 

12.  Vane  hinges,  actuators,  and  support  structure 

13.  Outboara  spoiler.. 
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7.1.2  Production  Tasts  (Ccnt’d) 

14.  Complete  spoiler  actuator  system 

IJ.  Outer  ving  box  beam  segment  -  that  portion  of  the  ving  box 
from  the  produotion  break  outboard  to  the  tip,  completely 
stuffed  with  wire  harnesses,  hydraulio  and  fuel  plumbing, 
control  cables,  and  associated  brackets 
16.  Fired  wing  trailing  edge  structure  -  includes  fired  panels, 
wiring,  tubing,  cables,  and  associated  brackets 
17-  Wing  leading  edge  structure  -  includes  an  operable  anti-doing 
system,  wiring,  tubing,  ducting,  controls  systems,  and  fixed 
leading  edge  support  structure 

18.  Wing  leading  edge  slats  and  actuators 

19.  Aft  side  cargo  door  and  actuators 

The  wing  segment  is  to  be  attached  to  supporting  structure  with  air¬ 
craft  splice  plateo  and  cantilevered  as  on  the  aircraft.  The  number  4 
engine  position  is  to  be  simulated  with  the  hardware  in  the  takeoff 
position  during  the  test.  The  flap,  vanes,  cove  doors,  spoilers,  lead¬ 
ing  edge  slats,  anti-icing  system,  and  aft  cargo  door  shall  all  be 
operable. 

The  side  aft  cargo  door  shall  bo  positioned  aft  of  the  wing  segment 
and  in  the  same  geometric  relationship  to  the  test  stand  engine  as  it 
would  be  to  an  inboard,  or  number  3  engine,  when  installed  on  the 
aircraft.  Aircraft  structure  surrounding  the  door  shall  be  simulated 
with  a  3  “  4  foot  wide  boiler  plate  design* 

As  for  the  preproduction  enduranoe  test,  mission  profiles  axe  to  be 
simulated  throughout  the  3 00  hour  production  tost.  This  oonsists  of 
varying  engine  power  setting  from  takeoff  through  cruise  and  landing 
with  thrust  reverse.  Magnetic  tape  will  bo  utilised  to  reoord  vibration, 
strain,  and  noise  from  the  following  transducers: 
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7.1.2  Produotion  Tests  (Cont?d^ 

a.  70  external  miorophone  locations 

b.  10  internal  fan  duot  noise  survey  microphone* 
o.  200  uni-axial  urcrain  gages 

d.  30  uni-axial  vibration  aooeleroneters 

e.  100  thermocouples 

f.  2 3  vibration  aocelerometers  on  engine  and  accessories 

7.2  FLIGHT  PROGRAM 
7.2.1  General 

The  flight  teat  program  deser; bed  herein  will  substantiate  the  aoouatio, 
vibration*  and  sonic  fatigue  design  and  will  demonstrate  contractual  com¬ 
pliance  for  these  areas.  Aircraft  7004  will  be  utilized  for  the  program* 
as  outlined  in  the  following  sections, 

7*2.2  Noise  Sttvlronmant 

7.2. 2-1  Exterior  Noise  -  Near  Field 

The  basic  exterior  noise  environment  predicted  for  the  C~5A  air  vehlole 
ia  the  basis  for  the  vibration*  Bonio  fatigue*  and  b oundproof ing  design 
studies^  To  ensure  that  the  G-5A  exterior  noise  environment  has  been 
accurately  predicted*  noiBe  measurements  will  be  made  at  80  locations 
over  the  aircraft  surface  during  onground  engine  operation.  These  data 
will  he  taken  at  the  following  conditions t 

a.  Takeoff  power*  takeoff  flape 

b.  Takeoff  power*  flaps  retracted 

o.  -  Maximum  reverse  thrust*  landing  flap* 

Exterior  inflight  noiee  measurements  will  be  taken  at  10  locations  on 
the  fuselage  in  oomplianoe  with  MIL-A-8870, 

7. 2.2.2  Exterior  Noise  -  Far  Field 

Statio  ground  teBtB  will  be  oonduoted  at  three  engine  power  settings  to 
obtain  exterior  far-field  acoustical  measurements.  These  noise  measure- 
sente  will  be  made  at  5  locations  on  radii  of  400  and  600  feet.  In  addi¬ 
tion,  ueasuroments  will  be  made  at  5  locations  $0  feet  in  front  of  the 
aircraft.  These  data  will  be  utilized  for  evaluation  of  noiBe  end  safety 


CA  rOAM-HIW 


'» A. 


PHD’ AMD 

CHICKED 

J.R. Carroll 

2-7-^6 

APPROVED 

J.S.Cibson 

2-7-66 

LOCKHEED- GEORGIA  COMPANY 

A  DIVIIIOM  Of  LOCKMU  A I  ACS  ATT  CORPMATI M 


I 

ENVIRONMENTAL  NOISE,  VIBRATION, 
AND  SONIC  FATIGUE  PROGRAM  REPOST 


i  C-5A 


7. 2. 2. 2  Exterior  Noise  -  Pax  Field  (Cont'd) 

problems  in  the  working  vioinity  of  the  airoraft  in  acoardenoe  with 
APR  160-JA. 

7. 2. 2. 3  Community  Noise  Measurements 

To  evaluate  the  noise  environment  for  communities  adjacent  to  using- 
activity  airfields,  surveys  of  aircraft  external  noise  will  be  made 
using  ground-based  instrumentation  to  establish  noise-distance  re* 
latianships  for  the  C-3A  airplane.  Noise  data  from  twenty  takeoffs 
and  landings  |  i  will  be  recorded,  at  two  ground  stations,  and 
analyzed  to  ensure  good  statistical  averaging  and  to-  determine  scatter 
limits  due  to  variations  in  pilot  technique  and  ambient  conditions. 

7. 2. 2. 4  Interior  Noise  Environment 

Interior  environmental  noise  measurements  will  be  made  in  all  normally 
occupied  areas  of  the  aircraft  to  ensure  that  the  C-5A  design  require¬ 
ments  are  met.  Measurements  will  be  taken  at  approximately  36  location* 
and  recorded  on  magnet  io  tape  at  the  following  operating  conditions  as 
defined  in  M33r-A-8806t 

a.  Take-off 

b.  Maximum  continuous  power  at  22,000  feet 
0.  Normal  cruise  at  22,000  feet 

7.2.3  Vibration  Environment 

The  vibration  measurement  program  will  inolude  both  ground  runs  and  flights. 
All  data  will  he  recorded  on  magnet io  tape,  using  transducers  to  measure, 
vibratory  acceleration  except  for  special  instances  whore  vibratory  velocity 
or  displacement  is  required.  Transducers  will  be  located  approximately  as 
follows! 


Area 

a.  Engine  Cases 

b.  Engine  Accessory  Equipment 

c.  Avionics  Equipment  Raoks 

d.  Fuselage 

e.  Wheel  wells  and  pods 

f.  Wings 


No.  of  Locations 
8 
12 
20 
36 
10 

36  . 
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7.2.3  Vibration  Etavironnent  (Coat'd) 

g.  Nacelles  and  pylon*  10 

h.  Enqpennagj  12 

All  transducers  will  be  unidirectional  except  those  on  the  engine  oas* 
which  will  be  radial. 


In  addition,  crew  station  environmental  vibration  levels  will  be  measured 
in  flight  at  approximately  18  locations  including  the  cargo  and  flight 
station  floors,  crew  seats  l  ables,  cockpit  flight  controls,  and  instru¬ 
ment  panels  in  accordance  with  the  test  conditions  and  vibration  Unit* 
of  Paragraph  3«1»3  of  MIL-A-8870. 

702.3.1  Ground  Tests 

Vibration  data  from  all  transducers  will  be  recorded  during  the  following 
conditional 

a.  Continuous  power  sweep  through  engine  startup  to  takeoff  power 
h.  Flap  extension  and  retraction  while  at  takeoff  power 
o.  Continuous  power  sweep  from  takeoff  power  through  engine 
shutdown. 

7.2.3.2  Flight  Tosts 

All  transducers  will  he  reoorded  during  takeoff  and  one  cruise  condition. 
Selected  transducers  will  be  reoorded  during  the  remaining  flight  condi¬ 
tions.  Test  conditions  will  be  as  follows! 

a.  From  just  prior  to  brake  release  through  takeoff  end  normal 

•  climb  to  3,000  feot  terrain  clearance  at  approximately  maxi¬ 
mum  takeoff  gross  weight. 

b.  Four  airspeed-altitude  combinations,  lnoludlng  Vg  at  low 
altitude 

0.  Descent  at  constant  airspeed 

d.  Acceleration  from  1.2  Vg  to  Vg  at  constant  altitude 

e.  Simulated  wave-off,  applying  maximum  power  with  landing 
flape 

f.  Landing,  from  approach  with  landing  flaps  through  touchdown, 
reverse  thrust,  braking,  and  hook  to  idle 
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7. -.4  Sonlo 

This  program  will  provide  measurements  to  verify  structural  designs  for 
resistance  to  sonio  fatigue  damage.  A  flight  test  airplane  will  be  instru¬ 
mented  with  500  uniaxial  strain  gages  and  data  taken  at  various  thrust  set¬ 
tings  and  flight  conditions  in  order  to  establish  the  magnitude  of  vibratory 
stresses  throughout  the  airoraft.  Strain  measurements  will  be  taken  bn  t. 
flaps,  aileron,  wing  leading  edge,  pylon,  nacelle,  empennage,  main  landing 
gear  pods,  aft  oargo  doors,  and  fuselage.  The  flight  test  program  for  sonio 
fatigue  will  include  both  ground  tests  and  flights. 

7. 2. 4.1  Ground  Tests 

A  comparative  study  has  shown  that  most  of  the  sonio  fatigue  damage  to 
airoraft  structure  will  occur  during  engine  operations  at  high  thrust  set¬ 
tings.  Therefore,  the  major  portion  of  the  program  will  be  the  engine 
ground  runs  for  strain  measurements.  It  will  be  neoessary,  however,  to 
supplement  these  tests  with  flight  data  to  obtain  a  complete  documentation 
of  vibratory  stresses.  Magnetic  tape  recordings  of  strain  will  be  made  for 
the  following  ground  test  conditional 

a.  Continuous  power  sweep  from  idle  to  takeoff 

b.  Takeoff  power,  flaps  retracted 
o.  Takeoff  power,  takeoff  flaps 

d.  Normal  engine  reverse  thrust,  landing  flaps 

7. 2. 4. 2  Flight  Tests 

The  flight  tests  will  consist  of  inflight  strain  measurements  at  critical 
locations  determined  by  sonio  fatigue  analysis  and  ground  test  results. 
Magnetic  tape  recordings  of  strain  data  will  be  taken  during  the  following 
test  conditional 

a.  From  Just  prior  to  brake  release  through  takeoff  and  normal  climb 
to  5 1 000  feet  terrain  olearance  at  approximately  maximum  takeoff 
gross  weight. 

b.  Four  airspeed-altitude  combinations  which  will  provide  data  at 
maximum  dynamio  pressure,  maximum  Mach  number,  maximum  cruise  speed, 
and  during  inflict  thrust  reverse. 
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7. 2. 4.2  Fli<5ht  Taste  (Coat’d) 

o.  In  Ifre  landing-  configuration,  just  prior  to  touchdown,  power  will 
bo  inoreaeed  from  flight  idle  to  takeoff  to  simulate  a  ware-off 
condition.  The  run  will  continue  until  approximately  10  seconds 
after  normal  retraction  of  gear  and  flape.  Thie  test  will  be 
eondaotod  at  about  the  maximum  landing  weight. 

d.  From  just  prior  to  touohdovn  through  maximum  reverse  thrust  after 
touclidown  and  bask  to  forward  idle  power.  Touchdown  speed  will 
be  an  required  for  maximum  landing  weight. 

I 

e.  In  the  airdrop  configuration,  at  heavy  gross  weight,  maximum  per¬ 
missible  true  airspeed,  and  approximate  ly  1,500  feet  of  altitude* 
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It  is  oonoluded  that  the  program  described  herein  it  adequate  to  define 
the  problem  areas  and  provide  analyses  and  teste  to  substantiate  the 
aircraft  for  meeting  the  design  requirements  of  MII/-A-8870,  HTL-A-8006, 
and  the  detailed  requirements  outlined  in  CP40002-1A,  CP40002-2A,  and 
SS40001A. 
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